Calcium-mobilizing receptors, polyphosphoinositides, generation of second messengers and contraction in the mammalian iris smooth muscle: historical perspectives and current status.
It is well established now that activation of Ca2+ -mobilizing receptors results in the phosphodiesteratic breakdown of phosphatidylinositol 4,5-bisphosphate (PIP2), instead of phosphatidylinositol (PI), into myoinositol 1,4,5-trisphosphate (IP3) and 1,2-diacylglycerol (DG). There is also accumulating experimental evidence which indicates that IP3 and DG may function as second messengers, the former to mobilize Ca2+ from intracellular sites and the latter to activate protein kinase C (PKC). In this review, I have recounted our early studies, which began in 1975 with the original observation that activation of muscarinic cholinergic and adrenergic receptors in the rabbit iris smooth muscle leads to the breakdown of PIP2, instead of PI, and culminated in 1979 in the discovery that the stimulated hydrolysis of PIP2 results in the release of IP3 and DG and that this PIP2 breakdown is involved in the mechanism of smooth muscle contraction. In addition, I have summarized more recent work on the effects of carbachol, norepinephrine, substance P, the platelet-activating factor, prostaglandins, and isoproterenol on PIP2 hydrolysis, IP3 accumulation, DG formation, myosin light chain (MLC) phosphorylation, cyclic AMP production, arachidonic acid release (AA) and muscle contraction in the iris sphincter muscle. These studies suggest: (a) that the IP3-Ca2+ signalling system, through the Ca2+ -dependent MLC phosphorylation pathway, is probably the primary determinant of the phasic component of the contractile response; (b) that the DG-PKC pathway may not be directly involved in the tonic component of muscle contraction, but may play a role in the regulation of IP3 generation; (c) that there are biochemical and functional interactions between the IP3-Ca2+ and the cAMP second messenger systems, cAMP may act as regulator of muscle responses to agonists that exert their action through the IP3-Ca2+ system; and (d) that enhanced PIP2 turnover is involved in desensitization and sensitization of alpha 1-adrenergic- and muscarinic cholinergic-mediated contractions of the dilator and sphincter muscles of the iris, respectively. The contractile response is a typical Ca2+ -dependent process, which makes smooth muscle an ideal tissue to investigate the second messenger functions of IP3 and DG and their interactions with the cAMP system.